The most commonly used relationship relates permeability to porosity, grain 28 size, and tortuosity is Kozeny-Carman formalism. When it is used to estimate the 29 permeability behavior versus porosity, the other two parameters (the grain size and 30 tortuosity) are usually kept constant. Here, we investigate the deficiency of the 31 Kozeny-Carman assumption and offer alternative derived equations for the Kozeny-32
Our derivation starts from the Kozeny-Carman equation by assuming that a 66 rock includes porosity of pipe shape. Permeability of this rock is expressed by its 67 porosity φ and the specific surface area S to the radius of an individual pipe, its 68 length, and the number of the pipes, and using Equation 1, we get: 69 70 Solid Earth Discuss., doi:10.5194/se-2017 Discuss., doi:10.5194/se- -8, 2017 Manuscript under review for journal Solid Earth upper estimate for porosity below 30%. For permeability in mD and pore diameter in 146 mm, a multiplier 10 9 has to be added to the right-hand sides of these equations. 147
Finally, by introducing the percolation porosity into these equations and using 148 the units mD for k and mm for D0 , we obtain, respectively, 149 The percolation porosity value only weakly affects the theoretical permeability 237 curves in the high and middle porosity ranges. This is why in Figure 6 we only show 238 curves with = 0. 239
Conclusion 240
The goal of this work is to explore permutations of the Kozeny-Carman 241 formalism and derive respective equations. Although the idealizations used in these 242 derivations are strong and sometimes lack internal consistency, the results indicate the 
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